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1. The reproducibility of measurements of the 
arterial wall thickness in both the carotid and femo­
ral artery was investigated by means of high-resolu- 
tion B-inode ultrasonography. For this purpose, 
subjects with normal and increased intima-media 
thickness were selected. Images were stored on an 
optical disk and were analysed with a semi-auto­
matic software program by two readers. Individuals 
were scanned twice by two independent observers.
2. Measurements were performed of the far and 
near wall of the common carotid artery and bulbous 
in 30 healthy subjects and 19 patients known to 
have an increased intima-media thickness, Far-wall 
measurements were made of the internal carotid 
artery on both sides and common femoral artery on 
the right side only.
3. In healthy subjects the mean within-observer 
coefficient of variation was 1.8% and 3.0% for the 
far wall in the common carotid artery on the right 
side and left side, respectively. For the near wall the 
mean coefficient of variation of the common carotid 
artery was 2.8% on the right and 3.4% on the left 
side. The mean coefficient of variation was less than 
4% for both far and near wall in the bulbous and 
far wall in the internal carotid artery. Even in 
patients with increased intima-media thickness the 
mean coefficient of variation of each segement was 
less than 4.5%. In the control subjects the between- 
observer coefficient of variation of the common 
carotid artery was 2.8% and 5.1% for the far wall on 
the right and left side, respectively, and 3.4% and 
4.2% for the near wall on the right and left side. In 
healthy subjects a mean difference of 0.002 mm 
within observers was found in the right far-wall 
common carotid artery, with limits of agreement of
— 0.048 to 0.052 mm. The coefficient of repeatability 
was 0.Ö50 mm. For patients with increased intima- 
media thickness the mean difference in this segment 
was -0 .0 0 6  mm ( — 0.094 to 0.082) with a coefficient
of repeatability of 0.088 mm. For the near wall in 
the common carotid artery and far and near wall in 
the bulbous and internal carotid artery the mean 
differences were larger, but were all below 0.1 mm. 
The differences and limits of agreements increased 
between observers. In patients the between-observer 
mean difference of the far wall of the common caro­
tid artery was —0.055 mm ( — 0.255 to 0.145). For 
the common femoral artery of normal control sub­
jects the within- and between-observer mean differ­
ences were 0.005 mm ( — 0.119 to 0.129) and 
0.015 mm ( — 0.081 to 0.111), respectively.
4. In conclusion, the reproducibility of intima- 
media thickness measurements in the common 
carotid artery is reliable, even in patients with 
increased artery wall thickness. Also in other seg­
ments prone to atherosclerosis, such as the bulbous, 
internal carotid artery and common femora! artery, 
a good reproducibility was found. To obtain good 
reproducibility it is highly recommended to use the 
same ultrasonographer to scan patients in follow-up 
studies.
INTRODUCTION
Since the identification of lumen-intima and 
media-adventitia echoes [1], high-resolution B-mode 
ultrasonography has been used for non-invasive 
quantitative measurements of intima-media thick­
ness (IMT) which is associated with the presence of 
atherosclerotic disease elsewhere [1-11]. The assess­
ment of IMT is an important tool in intervention 
trials [12-17]. Ultrasonogrpahy has several advant­
ages over contrast anteriography: it can repetitively 
be applied to asymptomatic subjects, it is relatively 
cheap and safe and it measures both wall thickness 
and lumen diameter.
The quality of ultrasonographic assessment of 
atherosclerotic disease is highly dependent on the
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instrumentation and the observer. Since ultrasono­
graphic scanning cannot be automated, the observer 
is an important source of measurement variability. 
Most studies involving reproducibility and variability 
report on far-wall measurements of the common 
carotid artery only (CCA) and are mostly performed 
in healthy subjects with normal IM T [2, 18, 19], 
Although the femoral artery is a preferred site for 
atherosclerosis, only few studies report on femoral 
artery IMT [20-22], while reproducibility figures are 
lacking.
The purpose of the present study was to invesi- 
gate the within- and between-observer variability 
and reproducibility of measurements of the mean 
IMT at different sites: the far and near wall of the 
CCA, bulbous (BUL) and far wail of the internal 
carotid artery (ICA) on both sides and far wall 
measurements of the right common femoral artery 
(CFA) in subjects with normal and increased IMT.
METHODS
This cross-sectional study was performed in 30 
healthy subjects (50% male), without cardiovascular 
risk factors except for smoking (n = 5) with an IMT 
< 1,1 mm, and in 18 male smokers known to have 
intima-media thickening of > 1.1 mm in at least one 
segment. The latter were selected from a study of 
various risk factors and vessel wall changes. All sub- 
rwvR. were investigated twice with an interval
between 5 and 90 days. The first time observer I 
conducted the scanning, the second visit scannings 
were made by two observers, blind for each other. In 
four control subjects scannings were performed by 
observer 1 on live consecutive days. The study was 
approved by the Ethics Committee of our hospital. 
Informed consent was obtained from each indivi­
dual.
Ultrasound scanning protocol
The ultrasound examinations were performed 
using a Biosound Phase 2 real-time scanner 
equipped with a 10 MHz transducer. Two black and 
white monitors displayetl the B-mode ultrasound 
images with spectrum analysis of the Doppler sig­
nals. Images were grabbed by a computer, stored on 
a hard disk and analysed with a semi-automatic soft­
ware program (Eurequa; TSA company, Meudon, 
France) [18],
The scannings were performed with the subject in 
a comfortable supine position, the head rotated 
approximately 45 degrees away from the side being 
scanned. The scanning sites involved were; the far 
and near wall of the distal 1.0 cm of the straight part 
of the CCA, the far and near wall of the carotid 
bifurcation, beginning at the tip of the flow divider 
and extending 0 .8 ~ U )cm  proximal, and the far wall 
of the proximal I.Ocm of the ICA. Measurements 
were performed on the right and left side. Three
angles of interrogation were used: anterolateral, 
lateral and posterolateral. In each individual the 
most optimal scanning position (i.e. the head posi­
tion and scanning angle which images the clearest 
and thickest projection of interfaces) was noted on a 
worksheet. The sonographer had the responsibility 
of differentiating the ICA from external carotid 
artery. This was accomplished by using several 
criteria, Often the ICA is the furthest from the skin 
surface when the V-shape of the flow divider is seen. 
O ther criteria are the larger luminal diameter of the 
ICA and the dilatation in the ICA on the lateral or 
posterolateral view. Apart from these characteristics 
Doppler analysis was used to avoid misinterpreta­
tion.
Finally, scanning of the far wall of the right CFA 
was performed 1 cm proximal to the descent of the 
deep femoral artery. A fixed angle of insonation, 
anteroposterior, was used. The scan converter 
enabled freezing of the images during scanning. Cal­
lipers were placed on the anatomic references and 
on the edges of the far and near wall. Subsequently, 
the digitized frozen images with the clearest and 
thickest projection were stored on disk. The work­
sheet with data on head position and scanning angle 
was used for the second scanning and passed on to 
the second observer.
Ultrasound analysis and report
The images stored on disk were read by two inde­
pendent readers. Each segment was analysed sepa­
rately. The reader selected the best measurable 
portion of the image. Three measurements were 
made in a preselected segment with a length of 
0.5 cm. The measurements were performed auto­
matically from significant changes in density on a 
section perpendicular to the vessel wall from the 
lumen towards subadventitial structures. The pro­
cedure was repeated over 0,5 cm adjacent to the 
lirst portion and the mean thickness over 1 cm was 
calculated. When it was not possible to measure the 
IMT over the whole length of the selected segments, 
for example in the bifurcation or when a plaque was 
present, a smaller sample size was taken with a 
minimum of 0,2 cm, In neither case did the readers 
have access to the IMT data of previous examina­
tions, Measurements of the 12 individual segments 
were noted. Missing data were scored.
Statistical analysis
Coefficients of variation (CV) were calculated as 
the proportion of the SD of the mean, For CVs 
describing the between-observer variability, SD was 
computed over the first measurement of observer I 
and the m easurem ent of observer 2. The CV was 
estimated for each individual segment and of com­
binations of far and near wall per segment on the 
right and left side and of the total mean combined
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score of the 10 measurements in the carotid artery 
(far and near wall of the CCA and BUL and far wall 
of the ICA on left and right side). In addition, mean 
differences between the first and second scanning of 
observer 1 and the first scanning of observer 1 and 
observer 2 were determined. By using the method of 
limits of agreement as described by Bland and Alt­
man [23], data are plotted in Figures 1 and 2, show­
ing differences against the mean for each subject. In 
addition, the coefficient of repeatability (RC) was 
calculated for all segments as the SD of the esti­
mated difference between two measurements, 
assuming the mean difference to be zero, The 95% 
confidence interval of the expected difference is cal-
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culated  cis 1.% R C  (definition adopted  by the 
British S tandards  Insti tu tion) [23], meaning that 
rep ea ted  m easu rem en ts  are  expected to differ by 
m ore  than the  confidence interval with a probability 
of  only 5%. In the  four subjects m easured  on five 
consecutive days we calculated the SD of  the serial 
m easu rem en ts  for that subject against their  mean 
and then  calculated the CV. Be tween-read er rep ro ­
ducibility was also expressed as CV and mean différ­
ence.
RESULTS
T he  mean age (S D )  o f  the 30 control subjects was 
45 (12) years. Fifteen subjects were male; two of 
them  sm oked  while three  were past smokers. Mean 
total serum  cholesterol was 5.6 (1,3) mmol/k All 
part ic ipants  with known th ickened intima-media 
were  male smokers.  T he ir  m ean  age was 55 (H) 
years and their  m ean  total serum  cholesterol con­
cen tra t ion  was 6.2 (1.5) mmol/1. In Table 1 the
results are listed of the m easu rem en ts  of the IMT of 
the far wall of the right CCA, the B U L  and CFA in 
the 30 healthy control subjects. In Table  2 the CV 
within and  between observers in healthy control sub­
jects and  patients with increased IM T  is given. 
A lthough the  CV remained low, the num ber of 
missing da ta  increased moving distally from CCA to 
ICA (Table  3). Both observers visualized the near 
and far wall o f  the CCA  in all sessions. Of the far 
and near walls in the bulb ob ta ined  in the first ses­
sion, only 3%  could not be found  the second time by 
the same observer. This increased to 18% when 
com pared  with observer 2, m ean ing  that 6% of the 
far and 12% of  the near walls ob ta ined  by observer 
1 could no t  be visualized by observer 2 and vice 
versa. T ab le  4 gives the absolute differences in mm 
(SD) within and  between observers, as measured in 
the different segments of the carotid  artery and the 
CFA. In the  control subjects the within-ohserver RC 
ranged from 0.050 mm for the far wall o f  the right 
CCA  to 0.070 nun for the far wall in the right CCA 
(Table 5). The reproducibility o f  the combined
Table I. Detailed overview of measurement of the mean IMT of the far wall of the right CCA, BUL and CFA in 30 healthy subjects. - Only measured by
observer I. Abbreviations: Obs I, observer I; Obs 2, observer 2.
CCA Far wall
a * 1_. p_ • 1 . a L I hL* L . 1 _ _
BUL Far wall
j . i.jii . J — É uV. _ _i *i i J J ^  _|------- 1 , u m b  4j - * L ILbl/. V1 y_ .* u i_ •> '*■*1 f  fc> •
CFA Far wall
— • - - ,  é .
Obs 1 Obs 2
fm t VV 1 • % 1^ 1 r  h ^ ^ r m  m *é U ■ 
t_ J . J k* k * _
Obs 1
v — >.ll . .  ^^  rf>fl j ij|i m f
Obs 2 Obs 1 Obs
Subject Age First Second First
/+* f  I P^ b ■* ( 1 * ““ “W W
First
• • • ^  r| 1 1 ^ *• r • • • • • • •
Second First First Second First
no. (years) time time time
_ . . J . O . llJlJl S_| J.I.Jb J,X 1 1 . b Ml — . ■>>. .*
time time
................Vis-t" , .•«-P-- • • •• .................................................................................... Ja II '..s, i S ‘ i
time time time time
1
i v, > - .  tiiia i i
32 0.43 0.44 0.51 0.53 i * 4 , 0.41 0.45 1 »‘.Vf
2 32 0.61 0.55 0.81 > > w.« ^ 0.43 0.42
3 58 0.80 0,83 0.72 0.73 f < I, • * 1.04 1.04 ( •  , •;
4 33 0.61 0.61 0.59 0.96 0.95 0.80 0.54 0 53 o.ss
5 28 0.53 0.54 0,60 070 0.68 0.44 0.43 045
6 32 0.65 0.66 0.69 0.97 0.36 0.38 0,40
7 38 0.90 0.87 0.84 0.98 0.95 0.97 0.95 090 o.8a
8 69 1.00 1.01 0.99 1.06 1 09 1.12
9 44 0.64 0.69 0.71 0.81 0.80 0.81
10 66 0.98 1.03 1.05 0,92 0.99 0.87 0.89 0.88
II 38 0.84 0.80 0.84 1.08 1.06 0,75 071 0,72
12 31 0.67 0,64 0.63 0.87 0.86 0.05
13 26 0.6! 0.61 0.61 OiO 0,78 077 0.83 085 0,82
14 58 1.02 L00 0.99 078 0.77 0.79 0.94 0,84 0,80
15 38 0.62 0,61 0,63 0.64 0.69 0.58 0.89 0.98 0.91
IÓ 33 0.77 0.77 0.74 0.75 0.76 076
17 36 0.77 078 0.76 075 0.76 077
18 64 1.05 1.05 1.05 1.08 1.04 0.89 0,93 0.93 089
19 42 0.83 0.84 0.84 0.96 0.97 0.97 0.88 0,89 Q.&8
20 45 0.5B 0.57 0.59 0.82 0.82 0.82 0.93 0.93 0.92
2! 68 0.83 0.84 0,81
22 38 070 070 0.70 0.86 0.83 0.84 0,85 0,85 0.83
23 49 0.63 0.58 0.61 0.71 0.86 0 76 0.74
24 49 0.66 0.67 0.64 0.77 1.02 1,00 1.03
25 50 0.73 0.71 0.69 0.91 0.93 0.99 0.90 0.99 0.90
26 45 0.59 0.60 0.62 0.69 0.73 0.77 0.76 078 0,80
27 50 0.87 0.86 0.96 0.84 0.76 0.64 0.85 0,06 0.88
28 41 0.85 0.85 0.81 0.88 0.87 0.89 0,85
29 63 0.81 0.80 0.84 0.71 0.71 0.74 0.85 0 81 0.78
30 44 0.73 075 0.75 0.83 0.80 0.83 0.49 0.44 0,44
m  t  •>, k  *  N  A  i  - * r  *  ^  ^  * • • • »  , s  - s  • i  j  » 1  •• « ► s  •> >  >  * è . * T  1 • '  - a  -  <-  - • > r  t. Ä  ,  ,  % , «  t . . .  s  . .  ,  t  ( .-t ( >x > i 4 . , • I ••• I . Si*
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Table 2. CVs (SD) o f d ifferent segments in the carotid  and femoral artery. CVs are given between and within observers for 
subjects with normal IMT and for subjects with increased IMT.
Subjects with normal IMT Subjects with increased IMT
Within observer Between observer Within observer Between observer
CCA far wall right I.8 ( I .8) 2.8 (2.4) 13 (2.4) 3.5 (5.0)
CCA far wall left 3.0 (4.0) 5 .I (6.2) 2.7 (4.6) 4.7 (5.9)
CCA near wall right 2.8 (3.7) 3.4 (3.7) 2.8 (6.0) 8,2 (9.9)
CCA near wall left 3.4 (3,8) 4.2 (4.4) 2.8 (3.6) 5.9 (8.1)
BUL far wall right 2.! ( I .8) 5 .1 (S.7) 4.1 (5,2) 7.5 (9.2)
BUL far wall left 3.2 (4.4) 3.4 (2.6) 3.1 (1.7) 2.5 (0.5)
BUL near wall right 1.5 (1.3) 5.0 (3.3) 2.7 (3.7) 6.2 (4.3)
BUL near wall left 3 .1 (4.7) 4.8 (6.0) 2.0 (1.3) 2.4(11)
ICA far wall right 3.8 (5 .1) 5.1 (4.2) 1.7 (1.8) 3.2 (2.6)
ICA far wall left 3.9 (4.4) 6.4 (4.9) 3,4 (2.4) 6,4(10.5)
CFA right side 2.3 (2.I) 2.5 (2.5) 2.9 (1.9) 4,5(10.5)
CCA far and near wall I .5 ( I .6) 2.0 ( I.9) 2.2 (3.7) 4,4 (4.1)
on right and left side 
Combination of IÛ carotid 2.4 (2.8) 3.2 (3.5) 1.9 (2.0) 4.8 (5.0)
measurements (left and right)
4* wm ■■ » i * m* rw»«ww»y.<i i i i r m r m  m h ih*t “< Prl -r. M**r« > ki r^- -x» Un ,h • i fVÄ ew  ^  ■«n ~  ■ ’-•-‘.S V+ .«h -> >p—• *i --V- »■* 1 'r  t-*i^  ■ « m  ^ v-_j, ,^ 4 ,. >■ v  >v « VJ >>>, >
Table 3. Percentage of missing data in scannings made by observer I 
(n = 96) and observer 2 (n = 45)
Missing data {%)
Observer 1, Observer 1, Observer 2,
first time second time first time
t. al » L d É> t É i./iJdL>ba ||. 1 ^ ^  _| » ^
CCA far and near wall right 0 0
htf A * ^  r  dm %r • r r r  1 % % m 0  m m n “ r  ^
0
CCA far and near wall left 0 0 1
BUL far wall right 31 31 43
BUL far wall left 60 58 56
BUL near wall right 42 43 42
BUL near wall left 64 62 65
ICA far wall right 38 38 38
ICA far wall left 53 54 56
m e a su re m e n ts  o f  the  fa r  and  near  wall on both sides 
o f  the  C C A  w e re  b e t t e r  than the individual
«> n • -/ * u»» *»»»• ^.^Uliiji r *  *  ^  ._s^ . ± *  ^  vl J i* *><^ i> > 1J . n n^-fn •>*>• ■** i r» »j^rv %(**->-* .x^^vBW,v,(a
m e a su re m e n ts ,  excep t  for  the between-observer vari­
ability in p a t ie n ts  with  increased wall thickness 
(Tab le  2). T h e  C V  of  the  total carotid artery, com­
bining all m e a su re m e n ts ,  was also low (between- 
obse rve r  CV, 3.2 an d  4 .8%  for healthy subjects and 
pa t ien ts  respectively, see  T ab le  2). The  CV of the 
m e a s u re m e n t  of  the  far wall o f  the C FA  was < 5 %  
a l though  the b e tw een -o b se rv e r  reproducibility was 
clearly less (C V  4.4) than  the within-ohserver repro­
ducibility (C V  2,2) in subjects  with increased IMT.
Fig. I shows the  limits o f  agreem ent of the IMT 
o f  the C C A  m e a su re d  by observe]* I in all subjects. 
In this F igure  the d ifferences  between the first and 
second  session a re  p lo t ted  against their mean. Fig, 2 
shows th e  d if fe rence  be tw een  measurements made
Table 4, Absolute differences in mm (SD) w ith in  and bctween-obscrvcrs, as measured In the  d iffe rent segments of the 
carotid artery and the far w all of the  CFA in subjects w ith  and w ithou t intima-media thickcning
Subjects with normal IMT Subjects with increased IMT
Within observer Between observer Within observer Between observer
► * • • v  1 -| * 4  v , 'i«« it» *r:ft r»Sk *■ *•* ^
CCA far wall right 0.017(0.017)
* >. - • ( * .  .  % .  ‘J y -  ^ .».é » :*. i . • . » ^ i  . » — I • » . ^  p ' t . t , ................... 1« •. . *è1 * *• * * •
0.027 (0.022)
.......................................... V1 ..S \  +  . -  ' •  >b s< *. ...v. i «
0.033 (0.029) 0.063 (0.101)
CCA far wall left 0.026 (0.035) 0.045 (0.055) 0.058 (0.115) 0.081(0.105)
CCA near wall right 0.031 (0.042) 0.041 (0 .0«) 0.059 (0.152) 0.140 (0.190)
CCA near wall left 0.026 (0.035) 0.045 (0.055) 0.045 (0.045) 0.100 (0.163)
BUL far wall right 0.025 (0.020) 0.064 (0.072) 0.079 (0.099) 0.100 (0.M0)
BUL far wall left 0.04! (0.044) 0.042 (0.034) 0.058 (0.030) 0.050 (0.008)
BUL near wall right 0.023 (0.017) 0.070 (0.042) 0.055 (0.081) 0.126 (0.096)
BUL near wall left 0.040 (0.058) 0.049 (0.070) 0.036 (0,025) 0.040 (0.016)
ICA far wall right 0.032 (0.037) 0.055 (0.046) 0.030 (0.050) 0.062 (0.083)
ICA far wall left 0.030 (0.030) 0.054 (0.043) 0.045 (0.030) 0.133 (0.298)
CFA right side 0.031 (0.031) 0.036 (0.036) 0.048 (0.043) 0.089 (0.218)
CCA far and near wall 0.016(0.018) 0.026 (0.025) 0,021 (0.019) 0.077 (0.076)
on right and left side
Combination of 10 carotid 0.022 (0.026) 0.031 (0.029) 0.036 (0.060) 0.072(0.071)
measurements ((eft and right)
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Table 5. Mean differences in mm with (limits of agreements) within and between observers measured in the different 
segments of the carotid and CFA in 30 healthy subjects and IÖ subjects with increased IMT
____________________________^ _______________.. ____________ _________ - _  a__________—r ^ ^ lL|.. - - ________________________T---T-.-y— ___________________________- _______________________________—-  • -  — .«-ww — ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------• ------------
Subjects with normal IMT Subjects with increased IMT
_ ___^  _________ijut.1 ^  j iii inn ~ ~ —— —«n-jj—rr*MX >•«— t •  m——
Within observer
CCA far wall right 0.002
( -0.048 to 0.052)
CCA far wall left -0.0012
(0,102 to 0.078)
CCA near wall right 0.013
(-0.113 to 0.087)
CCA near wall left 0.009
( ..0.133 to 0.1 IS)
SUL far wall right 0.002
(-0 .072 to 0,068)
BUL far wall left ..0.011
( 0.133 to 0,1 II)
BUL near wall right 0.009
(-0.043 to 0,061)
BUL near wall left -  0.036
(-0 .158 to 0.086)
ICA far wall right -0.014
(-0 ,1  14 to 0.086)
ICA far wall left 0.012
( -  0.082 to 0.118)
CFA right side 0.005
(-0.119 to 0.129)
CCA far and near wall —0.006
on right and left side (-0 .052  to 0.040)
Combination of 10 carotid 0.002
measurements (left and right) (-0 .066 to 0.070)
■ I T i n a  I T  ------------------  .  j -  •  “  —  r  ■ ■ ! ■ ■ ! ■ !  I I ■ " !  ' I  '  ‘ i f  I I ----------------- ■ ■  r f  i l l *  "  i y ~  *
Between observer Within observer Between observer
•- 0.004 - 0.006 ~ 0,055
0.082 to 0.074) (-0 .094  to 0.082) (-0 .255  to 0.145)
■0.003 0,030 0,022
-  0.151 to 0.145) (- 0.222 to 0.282) ( ..0.242 to 0.286)
-0.007 “ 0.044i 0.028
..0.117 to 0.103) ( 0.358 to 0.270) ( 0.502 to 0,446)
0.115 ..O.OOó 0.05
-  0.259 to 0.029) (--0.128 to 0.116) ( 0.422 to 0.322)
0.033 ■ 0.017 0.001
0,151 to 0,217) ( 0.273 to 0.239) ( 0 . 5 5 1  to 0.553)
-0.010 0.00 ! 0.024
-0.120 to 0.100) ( - 0 . M I  to 0.139) ( - 0.062 co 0.110)
0.012 0,038 0.022
-0.156 to 0.180) (-0 .222  to 0.146) ( 0.316 to 0.360)
•0.032 -  0.021 0.004
•0.202 to 0.138) ( ..0.101 to 0.059) ( 0.098 to 0.090)
-0,018 ..0.023 0.051
-0.163 to 0.146) ( 0.131 to 0.106) ( ..0.233 to 0.131)
0.036 -  0.005 0.095
-  0.086 to 0.158) (-0.121 to 0.1 II) ( ..0.533 to 0.723)
0.015 - 0,002 0.048
-0.081 to 0 . I I I ) (-0 .146  to 0.142) (-0 .512  to 0.416)
-  0.006 0.009 0.036
-0.06 to 0.048) (-0.131 to 0.149) ( 0.228 to 0.156)
-0.014 -  0.003 -0.019
-  0.094 to 0.066) (0.091 to 0.085) ( 0,249 to 0.211)
by observer 1 an d  2 p lo t ted  against their  mean. 
T ab le  5 shows the difference be tw een  measurements  
with their  limits o f  ag reem ent .  For  those control 
subjects m easured  on five consecutive days the CV 
did no t  change over  time; it ranged  from 2,1% in 
the C C A  to 4 .2 %  in the BUL.
All observations were read by two different read­
ers. T h e  in te r - reade r  variability was less than 2 %  in 
all segments ,  with a m ean  difference of lower than 
0.015 mm. Variability did  not differ between images 
o f  normal control subjects and patients with 
increased IMT.
DISCUSSION
With the u l trasound  pro toco l  used in this study it 
was possible to visualize and  m easure  IM T  in dif­
feren t  segments  o f  the caro tid  artery, including in 
pa tien ts  with known increased IMT, The  anatomical 
location of a biological s t ruc tu re  is always defined by 
a leading edge  o f  an echo, and  the thickness of  a 
s truc ture  as the d is tance be tw een  the leading edges 
o f  two d ifferent  echoes. It has therefore  been
a rgued  that, in sp i te  of  the similarities o f  near- and 
far-wall images, IM T  can only be measured accu­
rately in the far-wall position, beeausc only the  far- 
wall IM T  is defined by leading edges [24, 25]. 
Because of the echogenicity o f  the adventitia in the
near  wall, the reflections from the in tima-m edia  may 
be blurred. However,  by scanning in such a way that 
the jugular vein is placed ad jacent to the carotid 
artery and with the developm ent  o f  new software it 
was possible to m easu re  near  walls reliably, which 
may provide add i t iona l  information. In this study vve 
m easu red  both  far and near wall with the aid of a
sem i-au tom atic  analysing program  in a standardized 
way. Using the clearest  and thickest projection of 
the IM T leads to bias towards thicker values. This 
scanning p rocedure  was pe rfo rm ed  in o rder  to see 
w h e th e r  m e asu re m en ts  of  increased IM T are  repro­
ducible, The  m ean  differences between and within 
sonographers  were small, a l though from the limils 
of ag reem ent we concluded that, particularly in 
patients  with increased IMT, the between-observer 
variation is larger in an individual patient.  I low far 
apart  m easu rem en ts  may be w ithout  causing difficult­
ies is a m a tte r  of ju d g e m en t  and should be defined 
in advance. T h e  limits of  ag reem en t  are only estim­
ates o f  the values which apply to the whole popul­
ation and one  should  realize that a different sample 
would give different limits.
T he  reproducibil i ty  of the com bined  IM T  of the 
far and near  wall o f  the C C A  was be t te r  than 
individual m easurem en ts ,  This  is probably due to 
averaging m ore  m easurem en ts .  T h e  CV was some­
w hat larger on the left than on the right side. This 
might be  d u e  to the different anatom ical  situation or
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b y  I ho r ight-handiness of  the observers, which has 
a lso  been m entioned  by o thers  [ I 1)]. The  CV and 
m en u  differences did not change between consecu­
tive days, indicating that the scanning m ethod  is reli­
ab le  and repeatab le .
The  b e tw een -read e r  variation was small. In this 
p ro toco l  the so no g rap her  de te rm ined  the  best 
im age ,  which was stored cm disk. Consequently ,  the 
r e a d e r s '  influence was less p rom inen t  since he was 
c o n f ro n te d  with a p rese lec ted  image. T h e  storage of 
im ages  on optical disks instead of  taping them on 
v i i len  has the advantage  o f  full resolution preserva­
tion. M easu rem en t  e r ro r  of  IMT tended  to increase 
w i th  increasing levels of IMT, as repor ted  earlier  
l lJ|. This study shows that also in segm ents  o ther  
th a n  the CCA. IMT can be m easu red  with great 
reliability, even in patients  with known increased 
IM T . This is im portan t ,  since intervention trials will 
m o s t  often he pe rfo rm ed  in patients in which an 
inc reased  IM T  is antic ipated. Moving from the CCA 
t o  the ICA, the am ount o f  missing da ta  increased 
mostly  because  the site of  the bifurcation was
W1
locat 'd! high up in the neck. O th e r  studies encoun­
te re d  the sam e problem [5], It is im portant  to 
rea l ize  tha t  reliable, repea tab le  m easu rem en ts  in the 
B I J L  and ICA are  not possible in all patients. In cal­
cu la t ing  nu m b ers  of pa t ien ts  requ ired  for clinical 
tr ials  with IM T  one should  correct  for
ex pec ted  missing data. A n o th e r  im portan t  finding in 
this  study was that the sam e segments  could be 
visualized twice by the sam e  observer  in almost all 
cases .  Since the wiihin-observer variability is smaller 
th a n  the be tw een-observer  variability and two obser­
vers  are not always able to visualize the sam e seg­
m en ts ,  it is highly reco m m en d ed  that patients 
sh o u ld  be scanned during  follow-up by the same 
observer .
In several studies the reproducibili ty  of the IM T 
h a s  only been  de te rm ined  in the C C A  in healthy 
subjects  [2, IK, 11 >j. 'The C V  in the study o f  Salonen 
e t  al. |2 |  was approximately  5%  and the mean differ­
e n c e  in IM T  betw een observers  was 0,087 mm. In 
th e  m ult i-centre  Cardiovascular  Health  Study the 
b e tw een -so n o g rap h e rs  difference was 0.20 [7]. In 
b o th  s tudies  the differences between observers was 
b ased  on two and one m easu rem en ts ,  respectively, 
in con tras t  to six m easu rem en t  sites in ou r  study. 
L u r th e rm o re ,  m ore  observers were taken into 
account ,  while in ou r  study two experienced obser­
vers  p e r fo rm ed  all m easurem ents .  T h e  use of an 
optical  disk instead o f  video tapes makes the re a d ­
ers* influence less and  this may decrease the varia­
bility. 'The latter may explain the be t te r  results in 
o u r  study com pared  with those o f  Riley et al. [26]. 
T h e y  repor t  on the reproducibili ty  ol com bined 
ca ro t id  artery  wall thickness. The  m ean  absolute dif­
ference within and be tw een  observers was 0.06 and 
0.12 mm, com pared  with 0.04 and 0.07 m m  in our  
s tudy  in patients  with increased IMT. A n o th e r  
exp lana t ion  for this difference may be  the fact that 
the  fo rm er  au thors  included the near  wall of the
ICA. T he  reproducibility da ta  of the R otte rdam  
study are very similar to our  data: a mean difference 
of  0.013 mm on the right and 0.05 on the left side 
be tw een  sonographers at different visits in the C C A  
t 19!-
T he  variability of m easurem ents  is de term ined  by 
the sonographer, reader, instrumentation and by dif­
ferences between subjects. Especially in patients 
with increased IMT of plaques, measurements  
becom e more imprecise, because of tortuous a r te r ­
ies, eccentric plaque and irregularities. Since these 
factors cannot be influenced, it is important to 
reduce the effect of o ther factors determining varia- 
bility. This means regular check-ups of the instru­
mentation , a repeated training programme of the 
sonographers  and readers with quality control 
assessment and a follow-up schedule that allows 
scanning by the same sonographer.
High-resolution B-mode ultrasonographic m e a ­
su rem en t  of carotid arterial IMT is a suitable 
pseudo end-point in clinical trials [13-17, 27, 28], 
a lthough the relation between IMT reduction and 
clinical events as coronary hea r t  disease and stroke 
need  to be established. The  non-invasive imaging of 
the  arterial wall can be perfo rm ed  repeatedly in 
symptomatic  and asymptomatic patients, carried 
negligible risk and quantifies early atherosclerosis 
and  atherosclerotic changes d u e  to risk factor m od i­
fication.
Atherosclerotic  changes in the carotid artery are 
no t  equally distributed. Increased IM T occurs m ore  
often in the carotid B U L than in the CCA. As 
shown by this study m easurements  at o ther  sites 
than the CCA  can be done with good reproducibility 
even in patients with thickened IMT.
In conclusion, m easurements  of the IMT in dif­
ferent segments of the carotid artery and of  the fem ­
oral artery were highly reproducible. Although the 
m easu rem en t  error  tended to increase with
increased mean IMT, the reproducibility remained 
good. T h e  reproducibility at th e  site of  the B U L  and 
ICA  were good whenever obtained, although it was 
not always possible to visualize these segments. With 
the  possibility of direct storing images on optical 
disk, the resolution is preserved. The between- 
reader  variability is very low when using a (semi) 
au tom atic  reading system. In follow-up studies it is 
highly recom m ended  that the  same ultrasonogram 
p h e r  be used to scan patients.
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